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                         摘 要
    本论文在前期进行的 TNF-α 抑制剂筛选工作基础上，对活性单体化合物
C2D 拮抗 TNF-α 诱导的细胞坏死的作用机理进行了初步研究。研究内容包括：
1.构建绿色荧光蛋白-TNF 融合蛋白；2. 在细胞水平上探讨小分子拮抗剂的作用
机制。 
    肿瘤坏死因子 (Tumor Necrosis Factor，TNF) 是一类由巨噬细胞和单核细胞
分泌产生的多功能细胞因子，其中由巨噬细胞分泌的称为 TNF-alpha (TNF-α)。
作为炎症反应中重要的细胞因子，TNF-α 可以通过细胞膜表面受体 TNFR1 和





    TNF-α通过与细胞膜表面上的受体 TNFR1 结合引发一系列的信号通路。阻




    本论文除建立细胞水平筛选模型外，也从细胞内信号通路来探讨小分子化合
物的作用机理。结果表明 C2D 可以有效抑制 LPS 诱导下的小鼠巨噬细胞
Raw264.7 产生致炎因子 TNF-α 以及 IL-6，对 TNF-α 产生的抑制率为 50%，对
IL-6 的抑制率为 90%。实时荧光定量 PCR 表明化合物 C2D 可以抑制 TNF-α 以
及 IL-6 的转录。而 COX-II 基因的转录也被抑制则直接表明了 NF-κB 通路受到



















    Tumor necrosis factor (Tumor Necrosis Factor, TNF) is a multifunctional 
cytokine secreted by macrophages and monocytes, which secreted by macrophages 
called TNF-alpha (TNF-alpha). TNF-α with biological activity is a non-covalent 
trimerization form.TNF-α mediates NF-kB, p38 MAPK and JNK / SAPK signaling 
pathways, which interact with each other through TNF-α. 
    As an important cytokine in the inflammatory response, TNF-α can induce 
apoptosis and necroptosis cell pathways through receptors TNFR1 and TNFR2 on cell 
surface. When the apoptotic pathway is blocked, cells may switch to necrosis through 
the switcherRIP-3. The right amount of TNF-α mediates immune responses which 
have  protective effects on the host, but excessive expression of TNF-α is considered 
to have close relationship with a variety of clinical diseases, such as tumors, severe 
septic shock, rheumatoid arthritis, diabetes, etc. So finding inhibitors of TNF-α to 
blockTNF excessive production and transduction of the downstream signaling 
pathways will alleviate clinical symptoms of above diseases. 
    Based on the previous study of TNF-α inhibitor screening, we use an active 
compound C2D as molecular probe to explore the mechanism of inhabitation of 
TNF-α as well as to illuminate its target for illustrating the mechanism of TNF and 
looking for small molecule TNF-α antagonist compounds. 
    In this study we instructed a recombinant protein of the enhanced green 
fluorescent protein with TNF-α.The recombinant proteinowns the TNF-α activity and 
fluorescent protein molecules, can bind to TNF receptors on cell surface like TNF 
does, This binding can be detected with the instrument which detects fluorescence 
emitted by recombinant protein. When the interact between TNF and its receptoris 
blocked, the emitted fluorescence or fluorescence intensity would be significantly 
weakened. This model can be used to screen potential antagonists of TNF-α in 
vitro .The experiment results show that the compound C2D has no inhibitory effect on 

















    Besides the screening model in vitro, we seek for intracellular signaling 
pathways to further illustrate a the mechanism of C2D . Experiments showed that the 
C2D can effectively inhibit TNF-α and IL-6 inflammatory cytokine production in 
Raw264.7, and the inhibition percentage for TNF-α is 50% , for IL-6, it is 90%. The 
real-time quantitative PCR showed that the compound can suppress TNF-α and IL-6 
transcription, thenaffecting their translation. The results show that COX-II gene 
transcription was suppressed. This indicates the NF-kB pathway was blocked and it 
influenced the expression of TNF-α and IL-6 gene. 
















                     常用英文缩写词 
缩写  全称(英文) 全称(中文) 
AMPK AMP-activated protein kinase AMP 激活的蛋白激酶 
APS ammonium persulfate 过硫酸氨  
AR androgen receptor 雄激素受体 






BSA bovine serum albumin 牛血清白蛋白 
cIAP cellular inhibitor of apoptosis 细胞凋亡抑制蛋白 
DMEM 
Dulbecco′s modified 
of Eagle′s medium 
一种细胞培养液 
ECL enhanced chemiluminescent 免疫印迹化学发光 





FITC fluoresceine isothiocyanate 异硫氰酸荧光素 
Flt-3 FMS-like tyrosine kinase-3 FMS 样的酪氨酸激酶-3 
Grp94 glucose-regulated protein 94 葡萄糖调节蛋白 94 
HER2 
human epidermal growth factor 
receptor 2 
人表皮生长因子受体 2 
HIF-1 hypoxia-inducible factor-1 低氧诱导因子-1 






MEF mouse embryonic fibroblast 小鼠胚胎纤维原细胞 


























PAGE polyacrylamide gel electrophorisis 聚丙烯酰胺凝胶电泳 
ROS reactive oxygen species 活性氧自由基 
Sti1 stress-inducible protein 1 胁迫诱导蛋白 1 
shRNA small hairpin RNA 小片段发夹结构 RNA 
TNF-α　 tumor necrosis factor-α　 肿瘤坏死因子-α　 
TPR tetratrico peptide repeat 三四氨基酸重复（基序） 
Trap1 
tumor necrosis factor 
receptor-associated protein 1 
肿瘤坏死因子相关蛋白 1 
VFGF vascular endothelial growth factor 血管内皮生长因子 
































 人的 TNF-α由 233 个氨基酸组成的大小为 26kD 的膜结合蛋白（mTNF-α），
其中包含一个疏水序列, 经过剪切后形成一个含 157 个氨基酸，大小为 17kD 的
可溶性 TNF-α（sTNF-α）。一般认为 mTNF-α 是 sTNF-α 的前体，分泌出来的具


















      
      图 1-1 TNF-α三聚体的三维结构（俯视图），引自 PDB 



























          
 
         图 1-2TNFR1 介导的信号通路（from Chen G. et al, 2002） 
Figure 1-2 TNFR1 mediated singnaling pathway（from Chen G. et al, 2002） 
1.2 凋亡与坏死 
1.2.1 凋亡与坏死的区别与联系 






















作用引起细胞坏死[ ]9 ，双链RNA病毒可以通过TLR3 引起T细胞以及L929 细胞坏
死[ ][ ]10 11 。凋亡与坏死都有一些共同的因子，RIP3 存在与否是两者的主要区别[ ]12 ，
现在普遍的观点是在细胞表面或者细胞中纯在的死亡因子中都含有RIP3，所以可
以推测坏死在发育、炎症等多种生理活动中普遍存在[ ]13 。 
 
表 1-1 凋亡与坏死的关系 
Table 1-1 The relationship between apoptosis and necrosis 
   特征   细胞凋亡 细胞坏死 
  诱导因素 生理及弱刺激 强烈刺激 
  细胞数量 单个细胞丢失 成群细胞死亡 
  膜完整性 保持到晚期 早期即丧失 
  染色质 凝集呈半月状 稀疏呈网状 
  细胞核 早期固缩断裂 晚期破碎 
  细胞器 无明显变化 肿胀、坏死 
  胞内容物 无释放 释放 
  细胞形状 形成凋亡小体 破裂成碎片 
  基因组 DNA 有控降解 随机降解 
  大分子合成 一般需要 不需要 
  基因调控 有 无 
  后果 不引起炎症反应 引起炎症反应 
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